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99Purpose: We evaluated the surgical and functional outcomes, and the effect of
the learning curve of nontransecting anastomotic repair for short bulbar and
posterior urethral strictures.
Materials and Methods: A total of 75 patients were treated with nontransecting
anastomotic repair for short bulbar strictures in 55 and for posterior strictures in
20. Surgical morbidity was scored using the Clavien-Dindo classification at
3 months. Sexual function was measured using SHIM (Sexual Health Inventory
for Men) scoring preoperatively and postoperatively. Post-void dribbling before
and after nontransecting anastomotic repair was also determined. To evaluate
the learning curve outcomes were evaluated in patients 1 to 25, 26 to 50 and
51 to 75.
Results: Median followup was 30 months. Stricture recurred in 6 patients (8%),
all diagnosed within 7 months after nontransecting anastomotic repair. Median
operative time was 95 minutes and median hospital stay was 2 days. In 61
patients (81.3%) no surgical morbidity was recorded. Five (6.7%), 6 (8%) and
3 patients (4%) experienced a grade 1, 2 and 3b complication, respectively. Seven
of 32 (21.9%) and 2 of 42 evaluable patients (4.7%) reported de novo erectile
dysfunction and post-void dribbling, respectively, 3 months after nontransecting
anastomotic repair. No difference in outcomes was observed among the 3 patient
groups.
Conclusions: Nontransecting anastomotic repair appears to be safe without a
substantial learning curve effect. Patient counseling about possible surgical
complications and transient erectile dysfunction is important.
Key Words: urethral stricture; anastomosis, surgical; complications;
erectile dysfunction; recurrence100
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110CURRENTLY, anastomotic repair is rec-
ommended as a preferred technique
for short bulbar strictures,1,2 pelvic
fracture related posterior strictures2,3
and recurrent nontraumatic posterior
strictures.4e6 For bulbar strictures
the corpus spongiosum containing the
urethra is completely transected at
the stricture site. For posterior stric-
tures the bulbar arteries areDochead: Adult Urology FLA 5.4.0 DTD  J
0022-5347/16/1966-0001/0
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 2016 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEsacrificed to detach the bulbous ure-
thra from the urogenital diaphragm
to gain access to the posterior ure-
thra. As a consequence, TAR disrupts
the antegrade blood flow of the ante-
rior urethra.
To maintain the dual blood supply
of the anterior urethra Jordan et al
reported a modification of TAR in
which the ventral spongiosum and111
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182the bulbar arteries were spared.7 This technique is
called vessel sparing anastomotic repair or NTAR.
Before recommending this technique the result
must be at least equivalent to the results of TAR, for
which a composite 93.8% success rate in terms of
urethral patency has been reported.1
The goal of this study was to evaluate the surgi-
cal and functional results of NTAR for short bulbar
and posterior strictures. Because we also report the
first NTARs performed at our center, we describe
the learning curve for this technique.183
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198MATERIALS AND METHODS
Patient Selection and Evaluation
Since 2008, all patients scheduled to undergo ure-
throplasty at our institution have been asked to consent
to prospective registration of surgical and functional
outcomes, and all data have been prospectively collected
into a database with ethics committee approval
(UZG2008/234).
Between January 2011 and January 2016, 75 patients
were treated with NTAR for short bulbar strictures in 50
or posterior strictures in 25 (table 1). Before the operation
patients were asked to complete a questionnaire not
exclusively consisting of SHIM and an item on post-void
dribbling. SHIM evaluates erectile function using 5
questions, each with a score ranging from 0 to 5 to yieldTable 1. Patient and preoperative stricture characteristics, and
surgical and functional outcomes
Median age (IQR) 35 (27e60)
Median cm stricture length (IQR) 1.5 (1e2)
Median ml/sec max urinary flow (IQR) 4.8 (0e9.9)
No. etiology (%):
Traumatic 17 (22.7)
Inflammatory 2 (2.7)
Iatrogenic 20 (26.7)
Idiopathic 36 (48)
No. location (%):
Bulbar 55 (73.3)
Posterior 20 (26.7)
No. previous interventions (%):
None 16 (21.3)
Single or multiple dilation/direct vision internal urethrotomy 50 (66.7)
Urethroplasty 9 (12)
No. suprapubic catheter (%) 19 (25.3)
No. urinary infection (%) 21 (28)
Median mins operative time (IQR) 95 (82e112)
Median days hospital stay (IQR) 2 (1e2.5)
Median days catheterization (IQR) 10.5 (8e15)
Median mos followup (IQR) 30 (15e46)
No. failure (%) 6 (8)
No. 1st cystogram extravasation (%) 4 (5.3)
No. 3-mo Clavien-Dindo classification (%):
0 61 (81.3)
1 25 (6.7)
2 6 (8)
3b 3 (4)
No. 3-mo ED (%) 7 (21.9)
No. 3-mo post-void dribbling (%):
Not preop/not postop 13 (31)
Preop/not postop 14 (33.3)
Not preop/postop 2 (4.7)
Preop/postop 13 (31)
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Dochead: Adult Urology FLA 5.4.0 DTD  JURO13799_proofa final score of 1dcomplete ED to 25dnormal erectile
function.8 Post-void dribbling was queried dichotomously
(yes vs no).
The first postoperative visit was done at our institution
at between 7 and 14 days using voiding cystourethrog-
raphy. In the absence of extravasation the transurethral
catheter was removed. If not, the examination was
repeated after 1 week. Further visits were scheduled
around 3 and 12 months postoperatively, and annually
thereafter at our institution or with the referring urolo-
gist. These visits included history taking, clinical exami-
nation, uroflowmetry and echographic residual volume
measurement. In case of obstructive symptoms or
maximum urinary flow less than 15 ml per second ure-
thrography was performed and, if inconclusive, urethro-
scopy was done.
Stricture recurrence was defined as recurrence of
obstructive symptoms with the need for additional ure-
thral manipulation, including dilation. Surgical morbidity
was assessed using the Clavien-Dindo classification9 at
3 months, which was the minimum followup. At the fol-
lowup visits at 3 and 12 months patients were again asked
to complete the questionnaires evaluating functional
outcomes. Sexual function was evaluated in the 32
patients who had no or only mild ED (SHIM score 17 or
greater) preoperatively and who completed the question-
naires at 3 months. Postoperative ED was defined as a
greater than 5-point decrease in the SHIM score. Differ-
ences in post-void dribbling were evaluated in the 42
patients who had no suprapubic catheter, who experi-
enced no prostate surgery related incontinence preopera-
tively and who completed the questionnaire at 3 months.
ED and post-void dribbling are reported as these may be
related to urethroplasty and may be a reason for patient
dissatisfaction.
To evaluate the impact of the learning curve we eval-
uated outcomes in 3 patient groups, including patients
1 to 25, 26 to 50 and 51 to 75.
Surgical Technique
Antibiotics were administrated according to the antibio-
gram starting the day before the operation in 21 patients
(28%) with urinary infection. In the absence of urinary
infection a single injection of 1 gm cefazoline was
administrated intravenously at the start of the operation.
The patient was placed in the lithotomy position. A
midline perineal incision was made, the bulbospongiosus
muscle was divided at the midline and separated from the
urethra. The bulbar urethra was circumferentially
dissected from the penoscrotal angle up to the level of the
urogenital diaphragm. For posterior strictures the urethra
was followed beyond this level as far as necessary. The
perineal body was not incised. A 20Fr catheter was
inserted in the urethra to mark the distal extent of the
stricture. The dorsal side of the urethra was longitudinally
incised at this level. A 3Fr ureteral catheter was inserted
through the stricture and the stricture was further opened
until proximal healthy urethra was encountered. The
caliber of the proximal urethra was checked by passing a
20Fr urethral catheter into the bladder. Depending on
local conditions based on visual and tactile inspection a
choice was made between 2 options. 2 September 2016  4:44 pm  EO: JU-16-816
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D1) The ventral urethral plate and the underlying
spongious tissue were incised longitudinally. This incision
was closed transversely. The depth of incision should be
sufficient to allow tension-free closure. The initial dorsal
longitudinal stricturotomy was also closed transversely
using the double Heineke-Mikulicz principle in 7 cases
(9.3%). This was reserved for only short strictures (0.5 cm)
with no or only minimal spongiofibrosis.
2) The stricture and the surrounding spongiofibrosis
were resected until healthy spongious tissue was
encountered ventrally. Thereafter the ventral urethral
plate was sutured with the support of this healthy ventral
spongious tissue. The dorsal stricturotomy was closed
transversely with the dorsal Heineke-Mikulicz principle
in 68 cases (90.7%). This technique was performed for
strictures longer than 0.5 cm or those with substantial
spongiofibrosis.
All sutures at the urethral mucosa were 4-zero Vicryl.
If possible, the surrounding spongiosum was sutured
(spongioplasty). In all cases a 20Fr silicone catheter was
left in place and a suction drain was placed between the
urethra and the bulbospongiosus muscle. That muscle,
Colles’ fascia and the skin were sutured in layers. The
suction drain was removed after 24 hours. In the absence
of major postoperative complications the patient was
usually discharged home on day 2 postoperatively.
As an extensive technical description is beyond the
scope of this report, we recommend the extensive and
illustrative descriptions in the 2 previous studies from
which we adopted our techniques.10,11
Statistical Analysis
Descriptive statistics are used to report the patient pop-
ulation and the outcomes. Continuous variables are pre-
sented as the median and IQR, and categorical variables
are presented as the number and percent. Continuous and
categorical variables were compared using the Kruskal-
Wallis and Fisher exact tests, respectively. Two-year
RFS was calculated with Kaplan-Meier statistics.
Possible prognostic factors for recurrence were evaluated
by univariate and multivariate analysis with calculation
of the HR and 95% CI. These factors included stricture
location, type of surgical technique, learning curve, pre-
vious interventions, presence of urinary infection and
presence of significant extravasation at first postoperative
cystography. Significant prognostic factors on univariate
analysis were entered on multivariate analysis with
p <0.05 considered statistically significant.Table 2. Learning curve assessment according to 3 patient groups
Pts 1e25
Median mins operative time (IQR) 100 (90e120)
Median days hospital stay (IQR) 2 (1.5e3)
Median mos followup (IQR) 49 (45.5e54)
No. failure (%) 3 (12)
No. 1st cystogram extravasation (%) 1 (4)
No. 3-mo Clavien-Dindo classification (%):
0 21 (84)
1 2 (8)
2 1 (4)
3b 1 (4)
ochead: Adult Urology FLA 5.4.0 DTD  JURO13799_proof RESULTS
Median skin-to-skin operative time was 95 minutes
(IQR 82e112). Median hospital stay was 2 days
(IQR 1e3) and median catheterization was 10 days
(IQR 8e15). At first cystography 4 patients (5.3%)
had extravasation, for which the transurethral
catheter was reinserted. No complications were
reported in 61 patients (81.3%). Three patients (4%)
experienced severe postoperative scrotal hematoma
with secondary infection requiring surgical
drainage (grade 3b). In 11 patients (14.7%) low
grade complications were managed conservatively.
At a median followup of 30 months (IQR 15e46)
6 patients (8%) had experienced recurrence. Mean 
SD estimated 2-year RFS was 91.7%  3.2%. All
recurrences were noted during the first 7 months
postoperatively. Stricture recurred in 3 of 20 pa-
tients (15%) with a posterior stricture and in 3 of
55 (5.5%) with a bulbar stricture (p ¼ 0.333). Re-
currences were treated with internal urethrotomy,
perineostomy and urethroplasty in 1, 1 and 4 pa-
tients, respectively.
Seven of the 32 evaluable patients (21.9%) re-
ported de novo ED 3 months postoperatively. Four
of these patients reported normal erectile function
at 12 months but it was still present in 1. The 2
remaining patients were within the 3 and 12-month
followup, respectively. Two of the 42 evaluable
patients (4.7%) reported de novo postoperative
dribbling. In 14 patients (33.3%) the problem of
dribbling disappeared after the operation (table 1).
No significant differences were found among the
groups of patients 1 to 25, 26 to 50 and 51 to 75 in
the failure rate, operative time, hospital stay,
extravasation at first cystography or complications
(table 2).
On univariate analysis preoperative urinary
infection (HR 5.355, 95% CI 1.001e29.251, p ¼
0.049) and extravasation at first cystography (HR
9.743, 95% CI 1.772e53.582, p ¼ 0.009) were sig-
nificant predictors of recurrence. On multivariate
analysis only extravasation at first cystography
remained significant (HR 7.914, 95% CI
1.375e45.539, p ¼ 0.021).Pts 26e50 Pts 51e75 p Value
90 (80e112) 94 (80e105) 0.117
2 (1e2) 2 (1.5e3) 0.139
30 (26.5e37.5) 10 (5e15) <0.001
3 (12) 0 0.23
2 (8) 1 (4) 1
0.74
18 (72) 22 (88)
2 (8) 1 (4)
3 (12) 2 (8)
2 (8) 0
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Stricture Recurrence
The SIU/ICUD (Societe Internationale d’Urologie/
International Consultation on Urologic Diseases)
consultation group reported a composite 93.8% TAR
success rate for bulbar strictures.1 This is
completely in line with the 94.5% success rate of
NTAR for bulbar strictures in the current series.
Before implementing NTAR we also performed TAR
for the same indications with a reported 90.3%
success rate.12 For posterior strictures, represented
by a mix of traumatic and nontraumatic strictures
in this series, our NTAR success rate was 85%,
which is again in line with the 70% to 100% success
rate of TAR for different types of posterior
strictures.3e6 Although comparisons between series
must be made with caution and are subject to bias,
it appears that NTAR is not inferior to TAR and has
the advantage of sparing the dual blood supply. This
advantage might become apparent later, eg if
further urethral surgery or implantation of an
artificial urinary sphincter might be needed.7
Estimated 2-year RFS was 91.7% in the entire
cohort. Further data on outcomes of NTAR are
sparse. Jordan et al reported a 100% success rate in
7 patients with a mean followup of 12 months.7 In
that series 3 patients had a stricture after radical
prostatectomy. An update in a larger and multi-
center patient cohort described a successful outcome
in 65 of 68 patients (95.6%) at a mean followup of
18 months.13 In 16 patients with exclusively bulbar
strictures Andrich et al reported absent obstructive
symptoms in all at a minimum of 12 months of fol-
lowup.10 In their updated cohort success was ach-
ieved in 47 of 49 patients (95.9%) at a mean followup
of 13 months.14 Gomez et al reported NTAR of
exclusively pelvic fracture related posterior urethral
injuries.15 At a mean followup of 20 months a 100%
success rate was achieved in 26 patients.
Although followup in NTAR series has been
relatively short, one might expect that results
would be relatively stable at further followup, as
already noted for TAR.16 Our series tend to confirm
this since all recurrences were found within the
first 7 months after NTAR and remained stableTable 3. Stricture characteristics and NTAR series outcomes
No. Pts Location Stricture Length (cm)
Jordan et al7 7 Bulbar/posterior 1.5
Andrich et al10 16 Bulbar Less than 2
Bugeja et al14 49 Bulbar 1.6
Virasoro et al13 68 Bulbar/posterior 1.8
Gomez et al15 26 Posterior 2.3
Present series 75 Bulbar/posterior 1.5
Dochead: Adult Urology FLA 5.4.0 DTD  JURO13799_proofthereafter. Thus, it appears that anastomotic repair
can cure stricture in the long term as the fibrotic
part of the urethra is excised and replaced by
healthy urethra.
Extravasation at first cystography was the only
independent risk factor for recurrence. This is a
sign of impaired healing or partial laceration at the
anastomosis.17 It must heal by secondary intent
with a high risk of new fibrosis and recurrent
stricture formation.18 Plausible reasons for
impaired healing or laceration at the anastomosis
are urinary infection, residual fibrosis at the ure-
thral edges and/or tension with a risk of ischemia
at the urethral edges. In this series it was not
possible to determine which of these causes was
the exact reason for failure. However, some fail-
ures were probably due to infection, which was also
identified as a risk factor for failure on univariate
analysis.Surgical Morbidity
Complications related to TAR are poorly described
in general due to the retrospective design of series
with a risk of underreporting.1 Therefore, any
comparison with the current series, in which com-
plications were recorded prospectively with a well-
defined classification, must be done with caution.
Even with this prospective recording the majority of
patients were free of any complication.
Unfortunately, 4% of patients needed early
intervention for drainage of a secondarily infected
hematoma. Opening the bulbus, even dorsally, can
provoke substantial bleeding. Of patients in this
series 28% had infected urine and there is always a
risk of secondary infection in these patients. Early
drainage is the only adequate measure to prevent
further problems. In the SIU/ICUD review wound
infection and perineal/scrotal hematoma were also
among the complications reported but exact data on
incidence are lacking.1 In the NTAR cohort of
Gomez et al 3 (11.5%) and 1 of 26 patients (3.8%)
experienced bleeding requiring transfusion (grade
2) and drainage of wound hematoma (grade 3b),
respectively.15 Table 3 lists further results and
complications of the NTAR series.% Success % ED
% Complication Grade
1 2 3
12.5 100 Not available
12 100 12.5 6.2 0
13 95.9 6.1 Not available
17.6 95.6 6 2.9 10.3
20 100 62 0 23
30 92 Not available 6.7 8
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DFunctional Outcome
Urethroplasty can be associated with ED with the
highest risk attributed to anastomotic repair.19 It
was suggested that the circumferential dissection
and mobilization of the corpus spongiosum close to
the urogenital diaphragm in the intercrural space
might cause neuropraxis to the cavernous nerves
penetrating the corporeal bodies at that location.20
This might explain the temporary decrease in
erectile function.20 In regard to TAR this dorsal
dissection of the urethra in the intercrural space is
also necessary in NTAR. Thus, it is not astonishing
that in our series ED was noted at 3 months in
about 1 of 5 patients but with recuperation in the
majority. A pattern of transient ED was also found
in the NTAR series by Bugeja et al, although at a
lower incidence.14 Differences in timing the first
evaluation and the definition of ED might explain
this finding.
The risk of de novo post-void dribbling was low in
our series at 5%. This was also observed by Bugeja
et al, who reported it in about 10% of cases.14 No
comparison can be made with TAR as data are not
available.1
Learning Curve
No differences were found among the 3 patient
groups (patients 1 to 25, 26 to 50 and 51 to 75,
respectively). This suggests that NTAR can be
introduced with a minimal learning curve or none at
all. However, the surgeons (NL and WO) who per-
formed NTAR in this series had a long experience
with performing TAR. It is possible that a longer
learning curve compared to TAR might beochead: Adult Urology FLA 5.4.0 DTD  JURO13799_proof experienced by debutant urethral surgeons. An
important learning curve effect has indeed been
described for debutant urethral surgeons.21,22
Although NTAR is technically more challenging
than TAR, it can be regarded as a further enrich-
ment of the armamentarium of the urethral
surgeon.
This series has several limitations. It is a single
center series from a referral center for urethral
surgery. Patients were not systematically evaluated
postoperatively by urethroscopy or urethrography
but only if clinically indicated. As a consequence,
some low grade recurrences may have been
missed.23 This is a case series of NTAR only and, as
a consequence, any comparison with TAR or any
other type of urethroplasty must be made with
caution because of the risk of confounding factors.
Future research should focus on a prospective
comparative study of NTAR with TAR or free graft
urethroplasty to evaluate whether there are any
differences in these techniques.CONCLUSIONS
NTAR is associated with an excellent stricture-
free survival rate at mid-term followup. Patients
must be counseled about possible surgical compli-
cations and the possibility of transient ED.
Contrast extravasation at first postoperative cys-
tography is a risk factor for recurrence. NTAR can
be implemented without a substantial learning
curve, at least by surgeons accustomed to per-
forming TAR.548
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